This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the apphcant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS 

. TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

. FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Document AN9 
Appl. No. 08/479,038 



per 




^ iTXTOPP THF PATENT COOPERATION TRE ATY (PCT) 

19 May 1988(19.05.88) 



(51) International Patent Classincation 4 : 
A61K 37/26, 37/36, 35/14 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



(21) InternationalApplicationNn.ber: PCT/US87/02975 

(22) IntemationainUngDate: 13 November 1987 (13.11.87) 

. K-,. 930,762 

(31) Priority Application Number. 

n«*.. 14 November 1986 (14.1 1.86) 

(32) Priority Date: 

^ US 

(33) Priority Country: 

^ TM«TTT1JTE OF MOLECULAR BIOLO 

Cambridge MA 02138 (US). 
(72)I.«o.ors:ANTONlADES Harold C;^^^^^^ 

Plain, MA 02130 (US), 



. * ^1 AUK Paul T • Fish & Richardson, One Fi- 

PI DE (Euro^an P^^^^^^^^ p.. 

pean patent), GA (OAPl pa«nu, u -European 
tent), IT (European patent). Jfi -itea,), NL 

pate'nt), ML (OAPI ^^^''^^^J-°J^ I'^xi SN 
IIa^FM TD%API paten^TG (OAPI pa- 

tent). 

of amendments. 



^i^:j^;i;r^D HEALING AND BoSe REGENERATION 



,. wofamammalbyadministeringtothemammalacompositioncon. 



rOR THEPDSPOSES OFINFORMAnON ONLY 



cations under the PCX. 



AT Austria 
AU Australia 
EB. Barbados . 
BE .Bel^m . 
BG Bulgaria 
BJ Benin 
BR Brazil ^ 

Cr Ceoirtl African RcpubUc 

CG Congo 

CH Swittcrland 

CM CamerooD 

DE Gennany. Federal Republic of 

DK Denmark 

n Finland 



FR France 

GK Gabon 

GB United Kingdom 

HU Hungary 

IT Italy 

jp : Japan 

KP Democratic People's Republic 

of Korea' 
KR Republic of Korea 
ti Uechienstwn- 
LK Sri Lanka 
LU Luxembourg 
MC Monaco 
MG Madagascar 



ML MaH 

MR Mauritania 

MW Malawi 

NL Netherlands 

MO Norway 

RO Romania 

SD Sudan 

SE Sweden - 

SN Senegal 

SU Soviet Union 

' TD Chad 

TG Togo 

US United States of America 



wo 88/03409 



- 1 - 



PCr/US87/02»75 



Hankoround of the Invention 
This application is a continuation-in-part of 

Antoniades et al., entitled """"'^V'^";^^^,^,"^^:;;,^ 
U.S. serial No. 930.762. filed November 14. 1986. hereby 
incorporated by reference. 

This invention relates to healing wounds. 

Growth factors are polypeptide hormones which 
stimulate a defined population of 
Examples of growth factors Include Pl-«;«^-^«^«* 
growth factor (PDGF), insulin-lilce « 
(IGF-I). transforming growth factor beta (TGF-fl). 
epidermal growth factor (EGF). and fibroblast growth 
f!ctL (FGF). PDOF is a cationlc. heat-stable protein 
f^uld in the granules of circulating platelets which is 
known to stimulate in vitro protein synthesis and 
Collagen production by fibroblasts. It is also known to 
act as an in vitro mitogen and chemotactic agent for 
fibroblasts, smooth muscle cells, and glial ""s- 

It has been proposed to use PDOF to promote in 
vivo wound healing. For example, ^"^^"•^^"r^"! 

24:549-52 describes adding PDGF to Hunt-Schilling 
wire me;;; chambers impregnated with a collagen gel and 
implanted in the backs of rats; PDGF was found to 
increase the amount of new collagen synthesized. 

T=n.,oi at al (1985) J. Dermatol. Surg. Oncol. 
However, Leitzel et ai. \i.yoai j, ■^,^,^^r,n 

11.617-22 were unable to accelerate normal wound healing 
i;"hamsters using PDGF alone or in combination with FGF 



and EGF. 
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Michaeli, et al. (iflaA\ Tn gnft^ and Hard -Tissue 
Repair (Hunt, T.K. et al/, Eds), Praeger Publishers, New 
York, ppr 380-394, report that application of a 
partially^ purified preparation of PDGF obtained from 
platelat-rich plasma stimulated angiogenesis when 
implanted in rabbit corneas. Because PDGF is not an 
angiogenic growth factor the investigators suggested 
that an unknown factor in their partially purified PDGF 
preparation was responsible for the angiogenic effect. 
Summary of the Invention 
In general, the invention features, in one 
aspect, healing an external wound in a mammal, e.g., a 
human patient, by applying to the wound an effective 
amount of a composition that includes purified PDGF and 
purified IQF-I. The composition aids in healing the 
wound, at least in part, by promoting the growth of 
epithelial and connective tissue and the synthesis of 
total protein and collagen. Wound healing using the 
composition of the invention is more effective than. that 
achieved in the absence of treatment (i.e., without 
applying exogenous agents) or by treatment with purified 
PDGF alone, or purified IGF-I alone. 

In another aspect, the invention features. . 
regenerating bone of a mammal, e.g., a humian patient, by 
administering to the patient, preferably by application 
to the area of injured or depleted bone, an effective 
amount of a composition that includes purified PDGF and 
purif ied iGF-i, The composition aids in regeneration, 
at least in part, by promoting the growth of connective 
tissue, bone, and cementum, and by stimulating protein 
and collagen synthesis. Regeherati n using the 
composition of the invent i n is more effective than that 
achieved in th absence of treatment (i.e., without 
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applying exogenous agents) or by treatment with purified 
PDGF alone, or purified IGF-I alone. 

In preferred embodiments of both aspects of tne 
invention, the composition is prepared by combining, in 
a pharmaceutically acceptable carrier substance, e.g., 
commercially available inert gels or liquids (e.g.. 
saline supplemented with albumin or methyl cellulose , 
purified PDGF and IGF-I (both of which are commercially 
available) . Most preferably purified PDGF and IGF-I are 
combined in a weight-to-weight ratio of between 1:4 and 
25:1. preferably between 1:2 and 10:1, and more 
preferably 1:1 or 2:1. The purified PDGF and IGF-I may 
be obtained from human platelets or by recombinant DNA 
technology. Thus, by the terms "PDGF" and "IGF-I" we 
mean both platelet-derived and recombinant materials of 
mammalian, preferably primate, origin; most preferably, 
the primate is a human, but can also be a chimpanzee or 
other primate. Recombinant PDGF can be recombinant 
heterodimer, made by inserting into cultured prokaryotic 
or eukaryotic cells DNA sequences encoding both 
subunits, and then allowing the translated subunits to 
be processed by the cells to form heterodimer. or DNA 
encoding just one of the subunits (preferably the beta 
or "2" chain) can be inserted into cells, which then are 
cultured to produce homodimeric PDGF (PDGF-X or PDGF-2 
homodimer ) . 

The term "purified" as used herein refers to 
PDGF or IQF-I which, prior to mixing with the other, is 
95% or greater, by weight, PDGF or IGF-I. i.e., is 
substantially free of other proteins, lipids, and 
carbohydrates with which it is naturally associated. 
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A purified protein preparation will generally 
yield a single major band on a polyacrylamide.gel for 
each subunit of PPGF or IGF-I. Most preferably* the 
purified PDGF or IGF-I used in the compositions of the 
invention is pure as judged by amino-termiiial amino acid 

iseguence analysis. 

The composition of the invention provides a 
fast, effective method for healing external wounds of 
mammals, e.g., bed sores, lacerations and burns. The 
composition enhances connective tissue formation 
compared. to natural healing (i.e, no exogenous agents 
added) or pure PDGF or IGF-I alone. Unlike pure PDGF 
alone, the composition promotes about a 250% increase in 
new connective tissue and about a 95% increase in the 
growth of epithelial tissue. The epithelial layer 
obtained Is thicker than. that created by natural 
Jiealing, and also contains more epithelial projections 
connecting it to the new connective tissue; it is thus 
more firmly bound and protective* In addition, scar 
formation is minimized, . . 

The composition of the invention also provides 
a fast, effective method for regeneration of connective 
tissue and bone of. mammals, e.g., humans, with a history 
of peridental disease. The composition enhances 
connective tissue and bone formation compared to natural 
healing (i.e. ho exogenous agents added) or pure PDGF or 

IGF-I alone. 

Other features and advantages of the invention 
: will be apparent from the following description of the 
preferred embodiments. thereof , and from the claims. 
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Description of the Preferred Embodiments 
We now describe preferred embodiments of the 
, invention. 

External wounds, e.g., bed sores and burns, are 
treated, and bone and connective tissue regenerated, 
according to the invention, with PDGF/IGF-I mixtures 
prepared by combining pure PDGF and IGF-I. IGF-I is 
commercially available from Amgen Corporation (Thousand 
Oaks, CA) and Kabi (Sweden). Purified recombinant PDGF 
and purified PDGF derived from human platelets are 
commercially available from PDGF, Inc. (Boston, MA), 
collaborative Research (Waltham, MA), and Amgen Corp. 
(Thousand Oaks, CA) , Purified PDGF can also be prepared 

as follows: 

Five hundred to 1000 units of washed human 
platelet pellets are suspended in IM NaCl (2ml per 
platelet unit) and heated at lOO'C for 15 minutes. The 
supernatant is then separated by centrifugation and the 
precipitate extracted twice with the IM NaCl. 

The extracts are combined and dialyzed against 
0.08M NaCl-O.OlM sodium phosphate buffer (pH 7.4) and 
mixed overnight at 4«C with CM-Sephadex C-50 
equilibrated with the buffer. The mixture is then 
poured into a column (5 x 100 cm), washed extensively 
with 0.08M NaCl-O.OlM sodium phosphate buffer (pH 7.4), 
and eluted with IM NaCl while 10 ml fractions are 
collected. 

Active fractions are pooled and dialyzed 
against 0.3M NaCl-O.OlM sodium phosphate buffer (pH 
7.4), centrifuged, and passed at 4«C through a 2.5 x 25 
cm column of Blue Sepharose (Pharmacia) equilibrated 
with 0.3M NaCl-O.OlM sodium phosphate buffer (pH 7,4). 
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The coluitm is then washed with the buffer and. partially 
purified.PDQF eluted with a 1:1 solution of IM NaCl and 

ethylene glycol. 

The partially purified PDGF fractions are 
diluted (l:iy with IM NaCl, dtalyzed against IM acetic 
acid, and lyophilized. The lyophilized samples are 
dissolved m o;8K NaCl-Q.OlM sodium phosphate buffer (pH 
7 4) and passed through a 1.2 x 40 era column of 
CK-Sephadex C-50 equilibrated with the buffer. PDGF is 
then eluted with a NaCl gradient (0.08 to IM) . 

The active fractions are combined, dialyzed 
against IM acetic acid, lyophilized. and dissolved in a 
small volume of IM acetic acid. 0.5 ml portions are 
applied to a 1.2.x 100 cm column of Biogel P-15Q (100 to 
200 mesh) eguiUbrated with XM acetic: acid. The PDGF is 
then eluted with i« acetic aoid while 2 ml fractions are 

collected. . _ 

Each active fraction containing lOO to 200 mg 

of protein is lyophilized. dissolved in 100 ml of 0.4% 

trifluoroacetic acid, and subjected to reverse phase 

high performance liquid chromatography on a phenyl 

Bondapak column (Waters). Elution with a linear 

acetonitrile gradient (0 to 60%) yields pure PDGF. 

PDGF made by recombinant DNA tectaology can be 

prepared as follows: . ^ , j 

Platelet-derived growth factor (PDGF) derived 
from human platelets contains two polypeptide sequences 
(PDGF-1 and POGF-2 polypeptides; Antoniades. H.N. and 
Hunkapiller. M. (1983) Science 220:963-965) . PDGF-1 is 
encoded by a gene localized in chromosome 7 (Betsholtz. 
C t al.. Nature 320:695-699). and PDQF-2 is needed by 
the sis oncogene (Doollttle, R, et al. (1983) Science 
221-275-277) 1 calized In chr mosome 22 (Oalla-Favera. 
. R~(1982) scienc .218:686-688). The sis gene noodes 
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the transforming protein of the Simian Sarcoma Virus 
(SSV) which is closely related to PDGF-2 polypeptide. 
The human cellular o-sis also encodes the PDGF-2 chain 
(Rao. CD. et al. (1986) Proc. Natl. Acad. Sci> USA 
83:2392-2396). Because the two polypeptide chains of 
PDGF are coded by two different genes localized in 
separate chromosomes, the possibility exists that human 
PDGF consists of a disulf ide-linked heterodimer of 
PDGF-l and PDGF-2. or a mixture of the two homodimers 
(homodimer of PDGF-l and homodimer of PDGF-2). or a 
mixture of the heterodimer and the two homodimers. 

Mammalian cells in culture infected with the 
Simian Sarcoma Virus, which contains the gene encoding 
the PDGF-2 chain, were shown to synthesize the PDGF-2 
polypeptide and to process it into a disulf ide-llnked 
homodimer (Robbins. K. et al. (1983) Nature 
305:605-608). In addition. PDGF-2 homodimer reacts with 
antisera raised against human PDGF. Furthermore, the 
functional properties of the secreted PDGF-2 homodimer 
are similar to those of platelet-derived PDGF in that it 
stimulates DNA synthesis in cultured fibroblasts, it 
induces phosphorylation at the tyrosine residue of a 185 
kd cell membrane protein, and it is capable of competing 
with human ("^D-PDGF for binding to specific cell 
surface PDGF receptors (Owen. A. et al. (1984) Science 
225:54-56). Similar properties were shown for the 
8iB/P0GF-2 gene product derived from cultured normal 
human cells (for example, human arterial endothelial 
cells), or from human malignant cells expressing the 
sis/PDGF-2 gene (Antoniades, H. et al. (1985) Cancer 

Cells 3:145-151). 

The recombinant PDGF-2 homodimer is obtained by 
th introduction of cDNA cl nes of c-8is/PDGF-2 g ne 
into mous cells using an expression vector. .The 
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c-sis/PDGF-2 clone used for the. expression was obtained 
from normal hman cultured endothelial cells (Collins, 
T, , et al . C1985> Nature 216 : 748-750) . 
Wound Healincr 

To determine. the effectiveness of PDGF/IQF-I 

roijctures- in promoting wound hialing, the following 
experiments were performed. 

; Young white Yorkshire. pigs (Parson's Farm, 
Hadley, MA) weighing between 10 and 15 kg were fasted 
for at least 6 hours prior to surgery and then 
anesthetized. Under aseptic, conditions , the back and 
thoracic areas were clipped, shaved, and washed with 
mild soap and water. The area to be wounded was then 
disinfected with 70% alcohol. 

Wounds measuring 1 cm x 2 cm were induced at a 
depth of 0,5 mm using a modified Castroviejo . 
electrokeratome (Storz, St. Louis, MO, as modified by 
Brownells, Inc.). The wounds resulted in complete 
removal of the epithelium, as well as a portion of the 
underlying dermis (comparable to a second degree burn 
injury) , Individual wounds were separated by at least 
X5 mm of unwounded skin. Wounds receiving identical 
treatment were organized as a group and separated from 
other groups by at least 3 cm. Wounds receiving no 
growth factor treatment were separated from wounds 
receiving such treatment by at least 10 cm. 

The woxinds. were treated directly with a single 
application of the following growth factors suspended in 
biocompatible gel: X) 500. ng pure human PDGF (purified 
by high performance liquid chromatography) or 
recombinant PDGF alone; 2) 500 ng pure PDGF in 
combination. with each of the following: a) 500 ng EGF; 
b) 500 ng EGF plus 500 ng IGF-I; c) 500 ng IGF-I, 
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Following wounding, biopsy specimens were taken 
on days 3 through 10. -Biopsy specimens for histologic 
e^atuation were taken as wedges approximately 3 mm deep 
!Id Taced in 10% formalin. Specimens for biochemxcal 
"alysani autoradiography were obtained using an 
analysis an dimensions of the specimens 

:r~-0 L ^. specimens per wound 

rere collected for biochemical analysis while two 
relimens per wound collected for autoradiography^ 

Cing collection, the specimens were stored m cold 
Eagle-s Modified Essential Medium (E«EM) -^^'^ 
supplemented with 10% fetal calf serum. The biopsy 
specimens were analyzed as follows. 

^^'^^^^^^^ specimens were incubated in 0.3 ml 
Hagle-s Modified Essential Medium (EM^) pl- 10% fetal 
ca serl containing 15 ,CiMl of ^H-thymidine or 

hour; the specimens were then -shed tw ce with io% 
formalin. Four micron sections were made from the 
s; cLns using standard paraffin 

eLdding technigues. They were then deparaffinized, 
ZZ in Nuclear Tract emulsion «TB-2 (Kodak) and 
e^^osed for two weeks. Subsequently, they were 
developed and stained with hematoxylin and eosin. 

' Autoradiograms of the stained specimens were 
recorded and scored at equally distributed points by 
costing the total number of labelled /^^f ^^/^ 

„ore per cell) versus the total number of cells in the 

area. 

Histoloqic Evaluation 

^^^^~^i;;;r^pecimens were prepared using 
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All 

:s a 

The 



,,r..uy 5 ^^^^^^^ uyer. 

conditions, 

tir^Art The specimens were then fineiy mmuc 
^ ee tl^'s; the resulting precipitate was resuspended 
f 0 s ll ll 8 K an«onim hydroxide and sonicated, 
in O.S n,l « specimens were incubated in 

.ouowxng^sonication the P ^^^.^....ed. and 

coaled tubes at 45 U lot * . jj 

L^uin, solution " '■« „ 5.0 

„... "f^'-^^r^^rr » ir,»".: 

- ul, while maintaining the pH at 7.4. „ . 

th n added to ...5 «i of a buffered solution ( .05 M 
sodit^m phosphate. 2« sodium chl ride, pH = 7 . 4) f 
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«^ i-fl develop standard curves. 
72:248-54), with bovine serum albumin as a sra 



The results from histologic evaluation 
_ wounas treatea With - 

p„,.ied human ^li:::ZT^Zr^ye^ an. 
thiCer co--*^-^*^ ""^^ "!je!tions connecting these 
„ore extensive ^JJ^^^^^/^J^;^^ „eatment. pure IGF-1. 

r^ors There was no evidence of scar formation up to 

factors. Tnere was *„4.nradioaraphy revealed 

resulted in no significant ox However, 
.Ben PMF-2 va» conilnrf »i» " 
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produced a 2.0 fold increase in the width of the new 
coSve tissue layer and a 20. increase in epidermal 
thickness at six days postoperatively.. At nine days 
PDGF-2 alone resulted in a 22%. Increase in both new 
coLective tissue and epidermal thiclcness. ^^^'I 'l 
contamination With IG.-I resulted ^^"^^ 
the new connective tissue and epidermal layers. The 
lonnective tissue o£ PDGF-2/IGF-I treated wounds had 
dem t areas o£ polarization of light indicating these 
::Jids contained more matute. connective tissue than^^ 
either wounds receiving PDQF-2 alone or no treatment. 

Thus, application of recoiriminant PDGF-2 to 
wound healing using the anitnal- model described above^ 
produces results similar to those with purified human 
PDGF when combined with recombinant IGF-I. The 

co:bination of reco:r.>inant PI.GF-2 -^-^^^^^ 
dramatic. increases in tha number of new fibroblasts 
the rate of collagen synthesis, accompanied by 
hj^erp lasil of the dermi. and epidermis (2, S-f old total 
ZIL.^ compared to th • control -i™^ J^^f ~ . : 
of treatment or by treati-.ent with recombinant PDGF 

XGF-I alo^,^^ indicate th.t recon^inant PDGF-2 

homodimer and native purified human 

synergistically with IGF- t when applied topically. to 

. woxinds. 

■ TO determine the. awropriate dosage of purified 

PDGF. the above-described experiments were repeated 
exceit that the wounds, were treated with 2.5 ng, 5.0 ng, 
rd to ng PDGF e^ivalents of purified PDGF p r s^are 
millimeter of wound dispersed in 30m of biocompatible 
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,el The results shoved that optimum effects were 
produced When the PDOF content was 5.0 ng/n. or 

TO determine the appropriate dosage of pure 

::rev:rurtera:Tes:rihed a^ove ;p~-- - 

achieved with a ratio of between X;l and 2.1. 

^ '^^IfSSmine the effectiveness of PDGF/lcr-X 
preparations in promoting periodontium -^/« 

periodontfl Lsease were select . on the 

initial radiographic ^^'^^'^'^^°l-^X.iti.Uy scaled 
exhibited 30% to 80* bone loss f ^ 

using ultrasonic, instruments. S^^i"! £ P 

^ r^prrier substance, e.g., commercially 
d»l»«.ll.in, »1 pr.c..slng tecMiqu"- 
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cementum was preeent on the root surface adjacent to the 
new bone. New bone was also present on the periosteal 
surface of the specimens, and areas of ankylosis had 
occurred within the apical extent of the ligament. A 
dense layer of osteoblast-like cells, and connective 
tissue lined the newly formed bone with newly formed 
collagen fibers inserting into the newly formed cementum. 

In the control specimens there was no evidence 
of new. bone formation, an absence of new cementum-like 
deposits, and connective tissue was oriented 
perpendicular to the bony surface appearing to form a 
"cap" oyer the. original bone. The results thus indicate 
that the PDGF/IGF-I composition of the invention 
enhances osteogenic and connective tissue responses. 

Other embodiments are within the following 
claims, . 
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Claims 



X. A method for healing an external wound of a 
maimnal comprising applying to said wound a wound-healing 
amount of a composition comprising purified 
platelet-derived growth factor and purified insulin-like 

growth factor. 

2. A method for regenerating bone of a mammal 
comprising administering to said mammal a wound-healing 
amount of a composition comprising purified 
platelet-derived growth factor and insulin-like growth 
factor. 

3. The method of claim 1 or claim 2 wherein 
the weight to weight ratio of said platelet-derived 
growth factor to said insulin-like growth factor in said 
composition is between 1:4 and 25:1, 

4. The method of claim 3 wherein said ratio is 

between 1:2 and 10:1. 

5. The method of claim 4 wherein said ratio is 

about 1:1 or 2:1. 

6. A wound healing and bone regenerating 
composition comprising purified platelet-derived growth 
factor and purified insulin-like growth factor, in a 
weight to weight ratio of 1:4 to 25:1. 

7. The composition of claim 6 wherein said 
ratio is between 1:2 and 10:1. 

8. The composition of claim 7 wherein said 

ratio is about 1:1 or 2:1. 

9. A method for preparing a composition for 
healing wounds, comprising mixing purified 
platelet-derived growth factor and purified insulin-like 
growth factor in a weight t w ight ratio of between 1:4 
and 25:1. 
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